The sedimentary diatom records of three shallow lakes in the Altai
Introduction
Mountain regions, as a consequence of steep environmental gradients and climatic heterogeneity, are characterized by high ecosystem diversity. in mountain regions is especially critical. Furthermore, many high-elevation sites have experienced recent warming exceeding hemispheric or global averages (Beniston et al. 1997 ) and may be particularly vulnerable to future climatic changes. Among the regions whose climatic history is poorly known are the southern mountain ranges of Siberia. The Altai Mountains stretch 1900 km along the shared borders of Russia (Siberia), Kazakhstan, China, and Mongolia. They are among the highest in Siberia and form the headwaters of the Ob and Yenisei rivers and of the interior Great Lakes Basin of northwest Mongolia.
The Altai Mountains serve as the locus for the annual development of the Siberian Anticyclone, a central feature of Northern Hemisphere circulation. Zonal flow into the continental interior is blocked during the winter by the Siberian Anticyclone, which is responsible for the calm, cold, and dry winters characteristic of continental Siberia and Mongolia. Periodic additions of arctic anticyclones during winter result in spatial and temporal variability in the strength of the High (Lydolph 1977) . Intense heating of the land surface during the summer results in diffuse low pressures over much of the continent, favorable for the penetration of maritime air masses into the interior. Consequently, in the summer, the continental interior experiences a pronounced precipitation maximum. The Altai are characterized by short, cool summers, with a growing season ranging from 160 days in the foothills to 60 days at high elevations (Borisov 1965) .
In this paper, we reconstruct the diatom stratigraphies for three lakes in the Altai Mountains. We compare the diatom records with pollen and chironomid data from the same lakes to infer the paleoenvironmental history of this poorly documented region.
Paleoclimate setting
Variations in magnitude and latitudinal distribution of insolation are invoked as the major forcing mechanism for millennial-scale climatic variability during the Holocene in Eurasia (Harrison et al. 1996) . In the Northern Hemisphere, between 12,000 and 6000 year BP, variation in the latitudinal distribution of insolation anomalies reduced the latitudinal temperature gradient (Yu and Harrison 1995) . Based upon atmospheric circulation patterns of the modern climate system, it is hypothesized that this reduced gradient shifted the latitude of westerly air mass penetration northward. An additional consequence of the insolation anomalies is the enhancement of land-sea temperature contrasts. This is likely to have increased the strength of both the winter Icelandic low and the summer Azores high, resulting in increased penetration of maritime air masses into the continental interior of Eurasia during both winter and summer (Harrison et al. 1992) . Milder conditions in the interior also may have resulted from a decrease in anticylonic activity in the Arctic, which sustains the Siberian High during winter today.
Pollen records of late-glacial and Holocene climate generally follow the patterns predicted by variation in insolation. The late-glacial climate of the interior of northern Eurasia (Figure 1a ) is inferred to have been cold and dry (Khotinskiy 1984) , with tundra-steppe vegetation in the present-day forest zone of west Siberia (Blyakharchuk and Sulerzhitsky 1999). By 14,000 14 C year BP (15,000 cal year BP), periglacial landscapes of the Ulagan Plateau in the central Altai were replaced by pioneer meadow-shrub-grass vegetation followed by a treeless dry steppe (Blyakharchuk et al. 2004) .
Early-Holocene warmth is evidenced by widespread melting of permafrost and the northward expansion of the arctic treeline across northern Eurasia (Figure 1b) . Macrofossil-and pollenbased reconstructions indicate the advance of Betula, Larix, Picea, and Pinus beyond their modern limits between 9000 and 8000 14 C year BP (10,200 and 8900 cal year BP) (Peteet et al. 1998; MacDonald et al. 2000; Davydova et al. 2001; Pisaric et al. 2001; Andreev et al. 2002; Va¨liranta et al. 2003) . Early-Holocene warming is also indicated by an upslope movement of alpine treeline in the northern Urals (Kultti et al. 2003) , by paleolimnological records from the northwest Siberian Arctic (Laing et al. 1999; Porinchu and Cwynar 2002) , and by widespread initiation of peatland development in the West Siberian Lowland between 9500 and 7000 14 C year BP (11,000 and 8000 cal year BP) (Kremenetski et al. 2003) . In the southeastern Altai, Ponomareva et al. (1991) and Butvilovsky (1993) suggest, based on macrofossil evidence, that altitudinal vegetation belts were 400-500 m higher. In the central Altai,
